Abstract. In this study, free vibration analysis of simply supported sandwich plate resting on elastic foundation is examined. In this model, the displacements vary as a sinusoidal function across the plate thickness and satisfy zero shear stress condition at the top and bottom surfaces of the plate. The governing equations are derived by employing the principle of Hamilton, These equations are solved via Navier type and the dynamic results are presented by solving eigenvalue problems. The numerical results obtained through the present analysis for free vibration are presented and compared with those available in the literature.
Introduction
Laminated composite plates are widely used in the aerospace, marine, construction industries, medical devices and many other areas [1] [2] [3] [4] because of advantageous features such as high ratio of stiffness and strength to weight and low maintenance cost.
Functionally graded material (FGM) was proposed in 1984 [5] . The FGM is a composite material whose composition varies according to a performance required. It can be produced by a continuous variation of volume fractions of its constituents, which leads to continuously varying material properties of the FGM. This is the main difference between such a material and a usual laminated composite.
There have been a considerable number of studies on the plates resting on elastic foundations. In some of the analyses, a single parameter k 0 is used to describe the foundation behavior [6] . In this method it is assumed that there is a proportional interaction between pressure and deflection of an applied point in foundation. This foundation is modeled by discrete vertical springs and does not take into account the transverse shear deformations in foundation (linear Winkler model). Some researchers have modeled the foundation with two different parameters. One of these models is the Pasternak type foundation model. The two parameter model of Pasternak takes into account the effect of shear interaction among the points in the foundation [7] [8] [9] [10] . If the second parameter vanishes, the Pasternak foundation is reduced to the Winkler type. This paper presents a sinusoidal shear deformation theory of plates for analyzing the free vibration response of functionally graded plates resting on WinklerPasternak elastic foundation. Numerical results are presented for simply supported square sandwich plate, the effect of foundation stiffness and the gradient index on the free vibration of FGM sandwich plate are also investigated.
Theoretical formulations
Let us consider a square sandwich plate of length "a" and uniform total thickness "h", resting on Winkler-Pasternak elastic foundation, with Winkler stiffness "K 0 " and shear stiffness "K 1 ", as shown in Figure 1 .
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where P t and P b denote the properties of the top and the bottom surfaces of layer 1 (bottom face), respectively, and vice versa for layer 3 (top face) depending on the volume fraction V (n) (n=1, 2, 3). The sandwich plate is symmetrical with respect to the mid-plane z=0. The volume fraction ) (n V through the thickness of the sandwich plate faces follows a simple power-law while it equals unity in the core layer.
The displacement field is defined in the following equations:
where, u, v, w are displacements in the x, y, z directions, u 0 , v 0 , and w 0 are midplane displacements, ș x and ș y rotations of the yz and xz planes due to bending, respectively. f(z) represents shape function determining the distribution of the transverse shear strains and stresses along the thickness. The sinusoidal shear deformation theory (SSDT) of Touratier [11] is obtained by setting:
Constitutive equations
The constitutive equations for nth layer of laminated plate can be expressed as:
where ( ௫௫ , ߪ ௬௬ ,߬ ௫௬ ,߬ ௫௭ , ߬ ௭௫ ) and (ߝ ௫௫ , ߝ ௬௬ , ߛ ௫௬ ǡ ߛ ௬௭ , ߛ ௭௫ ) are the stress and strain components, respectively.
The normal and shear strain components are obtained as:
Governing equation
Using Hamilton's energy principle derives the equation of motion of the FGM plate:
where U is the strain energy, K is the kinetic energy of the plate, U F is the strain energy of foundation and W is the work of external forces. For Winkler-Pasternak foundation mode:
If the foundation is modeled as the linear Winkler foundation, the coefficient K 1 in (8) is zero.
Numerical procedure
The boundary conditions along the edges of the simply supported plate can be obtained as:
For analytical solution of equations, the Navier method is used under the specified boundary conditions. The displacement functions that satisfy the equations of boundary conditions are selected as the following Fourier series: 
For non trivial solutions of equation (10), the following determinant should be zero.
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Numerical results and discussions
Numerous examples are solved to ensure the accuracy of the present theory for the prediction of free vibration response, closed form solution are obtained using the Navier solution of simply supported FGM sandwich plates.
Table1. Material properties used in the FGM plate.
As a first example, the natural frequencies of a nonsymmetric FGM square sandwich plate of type (2-2-1) (P=2, k 0 =10) for different values of Pasternak parameters are given in Figure 2 , we can say that the fundamental frequencies increases as the Pasternak parameters increase. Figure 3 present the fundamental frequencies of antisymmetric square sandwich plate of type (2-2-1) (P=2, k1=10) for different values of Winkler parameters. It can be seen that the frequency increase gradually with increasing Winkler parameters. Figure 4 and Figure 5 show Frequency parameter a/h k0=0 k0=20 k0=40 k0=60 k0=80 k0=100
Conclusion
In the present study, the free vibration analysis of antisymmetric FGM square sandwich plate resting on Winkler-Pasternak elastic foundation have been obtained on the assumption that the transverse shear displacement varies as a sinusoidal function across the plate thickness. The equilibrium equations and the boundary conditions are derived using Hamilton's principle. The effects of span to thickness ratio, and elastic foundation parameters on the fundamental frequencies are studied and it is observed that the natural frequencies increase as the side to thickness ratio increase. It can be seen also from our results that the natural frequencies of the anti-symmetric FGM sandwich plate increase as the elastic foundation parameters increases. 
